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(54) Variable rate channel quality feedback in a wireless communication system 



(57) A channel quality feedback method for wireless 
transmission is described in which the rate for reporting 
channel quality information from a mobile station to a 
base station is variable as a function of the presence or 
absence of a transmission from the base station to the 



mobile station. In particular, the feedback rate from the 
mobile station to the base station is increased when the 
mobile station detects a transmission from the base sta- 
tion. As such, the feedback rate is slower when there is 
no data transmission for the mobile station and faster 
when the mobile station is receiving data. 
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Description 
Technical Field 

[0001] The invention relates generally to wireless 5 
communication systems and, more particularly, to pro- 
viding channel quality information from a mobile station 
to a base station in such systems. 

Background of the Invention to 



[0002] In wireless communication systems, an air in- 
terface is used for the exchange of information between 
a mobile station and a base station or other communi- 
cation system equipment. The air interface typically >5 
comprises a plurality of communication channels. In 
wireless transmission, a channel is time varying due to 
fading, mobility, and so on. More specifically, channel 
quality is affected by factors such as distance between 
the mobile and base station, speed of the mobile station, 20 
interference, and the like. Given the limited resources 
(e.g., bandwidth) of wireless transmission as well as the 
large number of mobile stations supported by a base 
station at any given time and therefore competing for 
those limited resources, it is therefore important to max- 25 
imize throughput of a wireless communication system. 
For example, in a time-multiplexed system in which the 
transmission time interval spans one or more time slots, 
system throughput can be maximized by allowing a user 
with the best channel quality to transmit ahead of users 30 
with comparatively low channel quality. 
[0003] In one known arrangement, a mobile station 
performs a rate calculation based on measurements of 
a pilot signal from the base station once every time slot 
and then reports back the rate at which it is going to 35 
receive data from the base station. Alternatively, the mo- 
bile station can send channel quality feedback informa- 
tion to the base station and the base station can then 
select the appropriate rate corresponding to that chan- 
nel quality. In general, the purpose of sending channel 40 
quality feedback information from the mobile station to 
the base station is to inform the base station of the trans- 
mission rate that best matches the current conditions (e. 
g., quality) of the channel at that present time. 
[0004] FIG. 1 shows one example of wireless trans- « 
mission based on the well-known 1x-EV-DO (data only) 
standard in which a so-called fast rate adaptation 
scheme is used to maximize the system throughput by 
exploiting the time varying channel conditions. More 
specifically, FIG. 1 shows a signaling diagram between 50 
a base station (BS) and a mobile station (MS). The data 
channel 100 for the downlink from the base station to 
the mobile station is divided into time slots 101-117, 
each of which hasa duration t. In the case of the 
1 x-EV-DO standard, the duration t would be 1 .67 milli- 55 
seconds. In the example shown in FIG. 1 , time slots 
101-106 and 110-115 are not carrying transmissions 
from the base station to the mobile station. However, the 



base station is transmitting to the mobile station during 
time slots 107-109 and during time slots 116-117. 
[0005] From the perspective of the mobile station, the 
uplink channel 200 is also divided into time slots 
201-217, each of which has a duration x. As shown in 
FIG. 1 , the calculation and reporting of the rate for the 
dedicated control channel 200 by the mobile station is 
performed according to well-known methods once every 
time slot 201-217. More specifically, channel quality in- 
formation (e.g., transmission rate in 1 x-EV-DO systems) 
is transmitted via communications 151-165. For exam- 
ple, mobile station is transmitting channel quality infor- 
mation to the base station via communications 151-153 
during time slots 201-203 indicating that rate R1 is the 
desired rate of transmission based on the channel qual- 
ity. As shown in this example, this rate information is re- 
ceived at the base station during time slots 1 03-1 05, so 
there is some delay with respect to the calculation of the 
rate in the mobile station during a time slot and the sub- 
sequent reporting of that rate to the base station. In slot 
204, the mobile station detected a change in channel 
quality and reported back to the base station that trans- 
mission should occur at rate R2. This channel quality 
feedback is received by the base station during its time 
slot 106. Because the base station is sending a trans- 
mission to the mobile station during time slots 107-109 
and because the base station is receiving channel qual- 
ity feedback indicating rate R2 as the desired rate (e.g., 
R2 reported by mobile station during its time slots 
204-206 and received by the base station during its time 
slots 1 06-1 08), the transmission by the base station dur- 
ing time slots 107-109 is therefore sent at rate R2. In 
time slots 207-212, the mobile station is reporting rate 
R1 as the desired rate, but no transmissions are occur- 
ring from the base station during time slots 1 1 0-1 1 5. As 
shown, the mobile station reports rate R3 as the desired 
rate during time slots 21 3-216, which are received at the 
base station starting at time slot 115. Because the base 
station starts sending another transmission during time 
slot 116, this transmission therefore is sent at rate R3 
based on the channel quality feedback received from 
the mobile station. 

[0006] Another approach to providing rate feedback 
is described in U.S. Patent Application Serial No. 
09/716,106, entitled "Asymmetric Rate Feedback and 
Adjustment System for Wireless Communications' and 
filed on November 1 7, 2000, the subject matter of which 
is incorporated herein by reference in its entirety. As de- 
scribed, rate calculation and prediction is still being per- 
formed at every time slot, but the reporting of this rate 
feedback from a mobile station to the base station oc- 
curs every third time slot. In this manner, the reporting 
of rate feedback from a plurality of mobile stations can 
be staggered such that each mobile station is only send- 
ing rate feedback every third time slot, but the base sta- 
tion is receiving rate feedback at each time slot (i.e., 
from different mobile stations). 
[0007] There are several disadvantages to these con- 
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stant rate feedback approaches. Performing rate calcu- 
lation and prediction in every time slot uses up a large 
amount of processing overhead at the mobile station. 
Providing rate feedbackto the base station at every time 
slot uses a large amount of transmission overhead and, 
because rate feedback is being provided regardless of 
whetherthere is a transmission being sent from the base 
station, transmission resources are therefore being in- 
efficiently used. Even if rate feedback is provided at a 
slower rate (e.g., every third time slot), there is still inef- 
ficient use of resources because the rate feedback is 
being provided regardless of whether the base station 
is transmitting. 

Summary of the Invention 

[0008] Processing overhead for rate calculation/pre- 
diction and transmission overhead for rate feedback is 
substantially reduced for wireless transmissions ac- 
cording to the principles of the invention by varying the 
feedback rate for reporting channel quality information 
from a mobile station to a base station as a function of 
the presence or absence of a transmission from the 
base station to the mobile station. More specifically, 
channel quality feedback is provided from the mobile 
station to the base station at a variable rate such that 
the feedback rate is faster when the base station is 
transmitting to the mobile station and slower when there 
is no transmission occurring. 

[0009] Wireless resources can be more efficiently 
used since the rate at which the mobile station reports 
channel quality to the base station is varied as a function 
of the absence or presence of transmission from the 
base station. When the base station is not transmitting 
to the mobile station, the feedback rate for reporting 
channel quality from the mobile station is at a slower 
rate, which, in turn, frees up wireless resources that can 
be used for other purposes, e.g., for transmissions be- 
tween the mobile station and the base station. When the 
base station is transmitting to the mobile station, the rate 
of reporting channel quality from the mobile station is 
increased so that rate adaptation can be carried out 
more accurately by the base station. Moreover, because 
of the short duration of time slots in wireless transmis- 
sion, it is highly unlikely that the rate or channel quality 
will change over a period of a few time slots under most 
operating conditions. 

Brief Description of the Drawing 

[0010] A more complete understanding of the present 
invention may be obtained from consideration of the fol- 
lowing detailed description of the invention in conjunc- 
tion with the drawing, with like elements referenced with 
like reference numerals, in which: 

FIG. 1 shows a simplified block diagram of a typical 
channel quality feedback and rate adaptation 
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scheme in one prior art arrangement; 
FIG. 2 shows a simplified block diagram of a chan- 
nel quality feedback and rate adaptation scheme 
according to one exemplary embodiment of the in- 
5 vention; and 

FIG .3 shows a simplified block diagram of a channel 
quality feedback and rate adaptation scheme ac- 
cording to another exemplary embodiment of the in- 
vention. 

Detailed Description 

[0011] FIG. 2 shows one exemplary embodiment for 
providing variable rate channel quality feedback accord- 
ing to the principles of the invention. By way of example 
only, this scheme will be described in the context of wire- 
less transmission according to the 1 x-EV-DO (data only) 
standard, but the teachings set forth herein are not at 
all limited to just this particular wireless implementation. 
[0012] More specifically, FIG. 1 shows a signaling di- 
agram between a base station (BS) and a mobile station 
(MS). The data channel 300 for the downlink from the 
base station to the mobile station is divided into time 
slots 301 -31 7, each of which has a duration -r, e.g., 1 .67 
milliseconds. In the example shown in FIG. 2, time slots 
301-306 and 310-315 are not carrying transmissions 
from the base station to the mobile station. However, the 
base station is transmitting to the mobile station during 
time slots 307-309 and during time slots 31 6-31 7. From 
the perspective of the mobile station, the uplink control 
channel 400 is also divided into corresponding time slots 
401 -41 7, each of which has a duration t. 
[0013] As shown in FIG. 2, the calculation and report- 
ing of the rate for the dedicated control channel 400 by 
the mobile station is performed using a variable rate in 
contrast to the prior art methods. In general, when there 
is no data transmission from the base station (e.g., time 
slots 301-306), the channel quality information (e.g., 
rate information) is sent from the mobile station every 
two (2) slots as shown by communications 352, 354, 
361 , 363, and 365. As previously described, there is a 
delay factor with respect to the uplink transmission (from 
the mobile station) and the downlink transmission (from 
the base station). When the mobile station is receiving 
a transmission overthe forward link (e.g., downlinkfrom 
the base station), the channel quality feedback is sent 
every slot as shown by communications 356-359. As 
such, the rate at which channel quality feedback is pro- 
vided when there is a transmission from the base station 
is faster than the rate at which channel quality feedback 
is provided when there is no transmission from the base 
station. 

[0014] More specifically, FIG. 2 depicts the mobile 
station transmitting channel quality information (e.g., 
rate information) to the base station via communications 
352 at time slot 402 indicating that rate R1 is the desired 
rate of transmission based on the channel quality. As 
shown in this example, this rate information is received 
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at the base station during time slot 304 because of the 
aforementioned delay factor. In slot 404, the mobile sta- 
tion detected a change in channel quality and reported 
back to the base station that transmission should occur 
at rate R2. This channel quality feedback is received by 
the base station during its time slot 306. Because the 
base station is sending a transmission to the mobile sta- 
tion during time slots 307-309 and because the base 
station is receiving channel quality feedback indicating 
rate R2 as the desired rate (e.g., R2 reported by mobile 
station in time slot 404 and received by the base station 
in time slot 306), the transmission by the base station 
during time slots 307-309 is therefore sent at rate R2. 
Because the base station is now transmitting data to the 
mobile station during time slots 307-309, the mobile sta- 
tion is adapted to send the channel quality feedback at 
a faster rate (e.g., every time slot) for the corresponding 
time slots 407-409, e.g., as shown by communications 
357-359. It should be noted that, because transmission 
did not start until time slot 307 by the base station and 
because of the delay factor, the channel quality feed- 
back information indicating rate R2 via communication 
356 is still being sent at the slower rate (e.g. , every two 
(2) slots). The faster rate of reporting channel quality 
feedback does not begin until time slots 407-409 at the 
mobile station which correspond to time slots 307-309 
where transmission is occurring from the base station. 
[0015] When transmission from the base station ends 
and there is no further transmission, the mobile station 
resumes its reporting of channel quality information at 
the slower rate (e.g., every two (2) slots) as shown by 
communication 361 . For example, there is no transmis- 
sion from the base station in time slot 31 0, so the next 
report of rate information from the mobile station is sent 
at time slot 41 1 , e.g., two time slots after time slot 409, 
which corresponded to time slot 309 when transmission 
ended from the base station. 

[0016] It should be noted that the feedback rate for 
transmitting the channel quality information and the 
point in time when the information is reported (e.g., at 
the leading edge, during, or at the trail edge of the time 
slot) are all matters of design choice. As such, the ex- 
ample shown in FIG. 2 where the slower first rate is eve- 
ry two (2) slots and the faster second rate is every one 
(1) slot, and where the channel quality information is 
sent at the end of the corresponding time slot at the mo- 
bile station are all meant to be illustrative and not limiting 
in any way. However, those skilled in the art will appre- 
ciate that a large value for the reporting interval (time 
between the reports of channel quality from the mobile 
station) will reduce the channel quality feedback over- 
head. However, the resulting slower rate channel quality 
feedback may also result in large errors in channel qual- 
ity estimates at the base station and performance deg- 
radation. Again, these are matters of design choice that 
are well understood by one skilled in the art. 
[0017] According to another aspect of the invention, 
there are numerous implementations for providing rate 
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feedback at a faster rate after detection of a transmis- 
sion from the base station. For example, upon detection 
of a transmission from the base station, the mobile sta- 
tion can report channel quality information at a second 

5 rate for a prescribed duration after the detection of the 
transmission. In this manner, the rate feedback may 
therefore be provided at a faster rate for a period of time 
even though transmission from the base station has 
ended. By way of example, a mobile station may report 

'0 rate feedback every 1 00 milliseconds in the absence of 
a transmission. Upon detection of a transmission from 
the base station , the mobile station can then provide rate 
feedback every 20 milliseconds for a prescribed period 
of time regardless of whether transmission ends from 

'5 the base station. At the end of that prescribed period of 
time and assuming there is an absence of a transmis- 
sion, the mobile station would then resume reporting of 
rate feedback at the first rate of 1 00 milliseconds (e.g., 
the slower rate). In yet another example, the mobile sta- 

20 tion, upon detection of a transmission from the base sta- 
tion, can report channel quality information at a plurality 
of rates over a prescribed time period after detection of 
the transmission, wherein the plurality of rates are dif- 
ferent than the first rate. More specifically, upon detec- 
ts tion of a transmission, the mobile station would begin 
reporting rate feedback at a second rate that is faster 
than the first rate for a prescribed time period. At the end 
of this prescribed time period and assuming there is an 
absence of a transmission, the mobile station could then 

30 report rate feedback at a third rate that is different than 
the first and second rates, and so on. Other variations 
will also be apparent to those skilled in the art and are 
contemplated by the teachings herein. 
[0018] On the downlink transmission from the base 

35 station, the total capacity is shared by a large number 
of mobile stations. Due to the bursty nature of the data 
traffic, the mobile stations are active only a fraction of 
the time. Therefore, an increased rate of channel quality 
feedback during the time of datatransmission for a given 

40 mobile station will not result in any significant increase 
of overhead. The fast channel quality feedback rate dur- 
ing a transmission from the base station will result in 
better channel quality estimates that will be used for ap- 
propriate selection of transport format for new transmis- 

45 sions and retransmissions. Note that due to the bursty 
nature of the traffic, when a transmission is sent to a 
mobile station, it is likely that more transmissions or re- 
transmissions will occur to the same mobile station with- 
in a short period of time. 

50 [0019] According to another aspect of the invention, 
the increased feedback rate during data transmission 
also helps to estimate the quality of a transmission so 
that, in case of retransmissions, the appropriate amount 
of redundancy or repetition can be included in the re- 

55 transmissions. This aspect of the invention is advanta- 
geous since it is possible that a transmission might ini- 
tially start from the base station with a less accurate 
transmission rate (e.g., not matching up to the actual, 



EP 1 309 121 A1 



4 



7 



EP 1 309 121 A1 



current channel quality) since a slower feedback rate is 
being used before transmission commences. So, al- 
though rate adaptation will be accurately performed 
once the feedback rate increases (e.g., to every time 
slot), there may be initial portions of the transmission 
that will require retransmission under certain circum- 
stances. As such, the ability to estimate the quality of 
the transmission in the current feedback scheme will be 
helpful for the retransmission process. For example, 
these estimates can be used for selecting an appropri- 
ate transport format (e.g. , modulation, number of codes, 
etc.) for retransmissions for the corresponding previous 
transmissions. 

[0020] The embodiment shown in FIG. 3 helps to il- 
lustrate this aspect of the invention. Data channel 500 
represents the downlink (forward link) from the base sta- 
tion to the mobile station and is shown as comprising 
two (2) millisecond frames ortransmission time intervals 
(TTIs) 506. More specifically, data channel 500 shows 
multiple transmissions for the same user in data blocks 
501-505, wherein data blocks 501-504 contain new 
transmissions while data block 505 contains a retrans- 
mission corresponding to the transmission in data block 
501 . As in the preceding embodiments, control channel 
600 represents the uplink (reverse link) from the mobile 
station. The example shown in FIG. 3 depicts two (2) 
millisecond transmission time intervals 602, each of 
which comprises three (3) time slots 601 of .67 millisec- 
onds each. This format is characteristic of the aforemen- 
tioned HSDPA standard. 

[0021] As in the preceding embodiments, the feed- 
back rate for channel quality information from the mobile 
station is at a slower rate when there is no data trans- 
mission, e.g., as shown for time periods 603 and 604. 
However, when the mobile station detects transmission 
from the base station, the channel quality feedback rate 
is increased to once every transmission time interval 
(TTI), e.g., two (2) milliseconds, as shown by communi- 
cations 610-614. In this example, the transport format 
for the retransmission 505 for data block A (RTX A) can 
be based on the most recent channel quality feedback 
(i.e. m) as well as the channel quality estimates k and / 
that, in turn, provide an estimate of the quality of the 
previous transmission 501 of data block A (NTX A). Ac- 
cordingly, the appropriate rate, modulation, and coding 
scheme can be derived more accurately for the retrans- 
mission according to the principles of the invention. 
[0022] In another exemplary embodiment of the in- 
vention, the feedback rate for channel quality informa- 
tion from the mobile station is varied as a function of the 
number of base stations that the mobile station is com- 
municating with. In particular, this embodiment is partic- 
ularly advantageous when handling so-called "soft 
handoffs" in CDMA wireless communication systems. 
As is well known, a "handoff" is the act of transferring 
support of a mobile station from one base station to an- 
other base station. A "soft handoff' occurs when the mo- 
bile station makes a connection to a new base station 



(e.g., cell) before leaving the current base station (e.g., 
cell) that is supporting the mobile station. In particular, 
a "soft handoff' is designed to ensure that there is con- 
nectivity with the old (e.g., current) base station while 
5 the new base station has been assigned to take control 
over the communication link with the mobile station. As 
such, a mobile station may be simultaneously commu- 
nicating with multiple base stations at a given instant of 
time during such handoffs. According to the principles 
'0 of the invention, the feedback rate for reporting channel 
quality information is adapted or otherwise varied to be 
slower when the mobile station is communicating with 
only one base station and faster during a "soft handoff" 
when the mobile station is communicating with two or 
'5 more base stations. By increasing the rate of reporting 
quality information during "soft handoffs, the base sta- 
tions can effectively and accurately perform the appro- 
priate rate adaptations during such critical times such 
as "soft handoffs" and the like. It should be noted that 
20 other variations to this aspect of the invention will be 
apparent to those skilled in the art and are therefore con- 
templated by the teachings herein. 
[0023] In general, the foregoing embodiments are 
merely illustrative of the principles of the invention. 
25 Those skilled in the art will be able to devise numerous 
arrangements, which, although not explicitly shown or 
described herein, nevertheless embody those principles 
that are within the scope of the invention. For example, 
although the invention was described in the context of 
30 wireless transmission according to the CDMA2000 
1x-EV-DO standard, the invention could also be appli- 
cable to other known or to-be-developed wireless trans- 
mission standards. For example, the teachings of the 
invention may be applied to wireless transmission ac- 
35 cording to the well-known High Speed Downlink Packet 
Access (HSDPA) specification in the Universal Mobile 
Telecommunication System (UMTS) standard. Other 
modifications or substitutions will be apparent to those 
skilled in the art and are contemplated by the teachings 
40 herein. Accordingly, the embodiments shown and de- 
scribed herein are only meant to be illustrative and not 
limiting in any manner. The scope of the invention is lim- 
ited only by the claims appended hereto. 



Claims 

1. A method for transmitting channel quality informa- 
tion in a wireless communication system compris- 
ing at least one base station and at least one mobile 
station, the method comprising: 

varying a rate for reporting channel quality in- 
formation from a mobile station to a base sta- 
tion as a function of the presence or absence 
of a reception of a transmission at the mobile 
station. 
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2. The method according to claim 1 , wherein the mo- 
bile station reports channel quality information at a 
first rate in the absence of a reception of a trans- 
mission from the base station and at a second rate 

in the presence of a reception of a transmission 5 
from the base station. 

3. The method according to claim 1 , wherein the mo- 
bile station reports channel quality information at a 
first rate in the absence of a reception of a trans- io 
mission from the base station and, upon detection 

of a reception of a transmission from the base sta- 
tion, the mobile station reports channel quality in- 
formation at a second rate for a prescribed duration. 

15 

4. The method according to claim 1 , wherein the mo- 
bile station reports channel quality information at a 
first rate in the absence of a reception of a trans- 
mission from the base station and, upon detection 

of a reception of a transmission from the base sta- 20 
tion, the mobile station reports channel quality in- 
formation at a plurality of rates over a prescribed 
time period after detection of the reception of a 
transmission, wherein the plurality of rates are dif- 
ferent than the first rate. 25 

5. The method according to claim 4, wherein the pre- 
scribed time period includes a plurality of time inter- 
vals such that the channel quality information is re- 
ported at one of the plurality of rates during one of 30 
the plurality of time intervals. 

6. The method according to claim 2, wherein the sec- 
ond rate is faster than the first rate. 

35 

7. The method according to claim 6, further compris- 
ing the step of estimating channel quality at the 
base station while the mobile station is reporting at 
the second rate, wherein estimated channel quality 

is used to derive a transmission format for a subse- 40 
quent transmission. 

8. The method according to claim 7, wherein the trans- 
mission format includes one or more parameters 
selected from the group consisting of modulation « 
format, number of codes, and transmission rate. 

9. The method according to claim 6, further compris- 
ing the step of estimating channel quality at the 
base station while the mobile station is reporting at so 
the second rate, wherein estimated channel quality 

is used to calculate an amount of redundancy need- 
ed for a retransmission of a previous transmission. 

10. The method according to claim 1, wherein the chan- 55 
nel quality information comprises a transmission 
rate calculated by the mobile station based on one 

or more channel conditions. 
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